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Abstract. This paper presents the results of a Grounded Theory study of how 
software process and software process improvement (SPI) is applied in the 
practice of software development. This study described in this paper focused on 
what is actually happening in practice in the software industry. Using the indig-
enous Irish software product industry as a test-bed, we examine the approaches 
used to develop software by companies at various stages of growth. The study 
used the grounded theory methodology and the results produce a picture of 
software process usage, with the outcome being a theory, grounded in the field 
data, that explains how software processes are formed and evolve, and when 
and why SPI is undertaken. The grounded theory is based on two conceptual 
themes, Process Formation and Process Evolution, and one core theoretical cat-
egory, Cost of Process. Our research found that SPI programmes are imple-
mented reactively and that many software managers reject SPI because of the 
associated implementation and maintenance costs and are reluctant to imple-
ment SPI models such as ISO 9000 and CMMI. 
1 Introduction 
A software process defines what steps a development organisation should take at each 
stage of production and provides assistance in making estimates, developing plans, 
and measuring quality. There is a widely held belief that a better software process 
results in a better software product. SPI models, such as Capability Maturity Model 
Integration (CMMI) and ISO 15504, claim to represent best practice. However, alt-
hough these models have been highly publicised and marketed, they are not being 
widely adopted.   
The motivation for our research originates in the premise that, in practice software 
companies are not following ‘best practice’ process improvement models. On this 
basis, we initially set out to explore two primary questions: Why are software compa-
nies not using ‘best practice’ SPI models?, and What software processes are software 
companies using? 
In order to answer these questions it was first necessary to define both a context 
and scope for the study. To ensure the participation of software development profes-
sionals who would be familiar with the considerations involved in using both software 
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process and process improvement models, it was decided to limit the scope to soft-
ware product companies whose primary business is software development. In addi-
tion, given the geographical location of the researchers, it was decided to confine the 
study to Irish software product companies, which has the added advantage of restrict-
ing the study to within the same economic and regulatory regime. Finally as the Irish 
software industry is populated by both indigenous and multinational software compa-
nies, a decision was made to limit the scope of the study to indigenous Irish software 
product companies, as they could provide the historical information required to un-
derstand process foundation and evolution. To support the capture and analysis of this 
information, we chose grounded theory as the methodology most suited to our re-
search. 
2 Research Methodology 
The two research paradigms that have received most attention in the literature can be 
broadly labelled as positivist and phenomenological [21] or positivist and interpre-
tivist [3]. The most commonly used terms to differentiate these paradigms with re-
spect to their associated methods and techniques, are quantitative and qualitative 
respectively, with quantitative methods being based on the positivist paradigm while 
qualitative methods are built on a phenomenological world view [7, 8]. Quantitative 
methods are used to establish general laws or principles [4] and its scientific approach 
can provide answers which have a provable base. However, if one wants to study 
human behaviour and the social and cultural contexts in which it functions, then the 
limitations of quantitative research become apparent [17] and direct the researcher 
towards qualitative techniques. Advocates of qualitative methods in software engi-
neering research propose that a principal advantage of their usage is that they force 
the researcher to delve into the complexity of the problem rather than abstract away 
from it and therefore the results are richer and more informative [25].  
Researching in software engineering is more appropriately placed in the domain of 
Information Systems (IS). IS research is the formal study of information systems 
within an organisation, which differs from the field of software engineering in that 
takes social and organisational aspects into account. Lee and Liebenau [15] believe 
that qualitative research is required in IS because, ‘while there has been great success 
in applying natural science and engineering models to research into computer tech-
nology, they have been inadequate and inappropriate in explaining the human, group, 
organisational and societal matters which surround the use of information systems’. 
Bertelsen [2] also supports the use of qualitative research in IS stating that as software 
development is socio-cultural in nature any research conducted cannot be based ex-
clusively on natural science approaches but must include provision for interpreting 
social, psychological and cultural issues.  
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2.1. The Study Methodology  
There are a number of basic study methodologies, including phenomenology, ethnog-
raphy, case studies and action research, which are used within qualitative research. 
However, this study chose another approach, grounded theory, as the method of en-
quiry for the following reasons: 
· Given the lack of an integrated theory in the literature as to why software compa-
nies are avoiding SPI models, an inductive approach, which allowed theory to 
emerge based on the experiential accounts of software development managers 
themselves, offered the greatest potential. 
· It has established guidelines for conducting inductive, theory-generating research. 
· It is renowned for its application to human behaviour. Software development is a 
labour intensive activity and software process relies heavily on human compliance 
for its deployment. 
· It is an established and credible methodology in sociological and health disciplines 
(e.g. nursing studies, psychology), and a burgeoning one in the IT arena. This study 
provided an opportunity to apply a legitimate and suitable methodology to the 
software field. 
A number of researchers have used grounded theory to look at a diverse range of 
socio-cultural activities in IS. [1] used a novel combination of action research and 
grounded theory to produce a grounded action research methodology for studying 
how IT is practiced. Others have used the methodology to examine, the use of ‘sys-
tems thinking’ practices [11], software inspections [6, 24], process modelling [5], 
requirements documentation [19] and virtual team development [32, 20]. [14] used 
grounded theory to study the use of development practices in a Danish software com-
pany and concluded that it was a methodology well suited for use in the IS sector.  
3. Grounded Theory 
Grounded Theory was first established by Glaser and Strauss [10]. As the objective 
with the methodology is to uncover theory rather than have it pre-conceived, ground-
ed theory incorporates a number of steps to ensure good theory development. Its main 
components are:  
· Theoretical Sampling - Theoretical sampling refers to the process of collecting, 
coding and analysing data whilst simultaneously generating theory. The researcher 
engages in ‘constant comparison’ between the analysed data and the emerging the-
ory and this process continues until ‘theoretical saturation’ has been reached, i.e. 
where additional data being collected is providing no new knowledge about the 
categories.  
· Open Coding and Analysis - From the interview transcripts the researcher anal-
yses the data line-by-line and allocates codes to the text. The codes represent con-
cepts that will later become part of the theory. From the initial interviews, a list of 
codes emerges and this list is then used to code subsequent interviews. At the end 
of the sampling process a large number of codes should have emerged. 
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· Axial Coding - Axial coding is the process of relating categories to their subcate-
gories (and) termed axial because coding occurs around the axis of a category link-
ing categories to subcategories at the level of properties and dimensions. This in-
volves documenting category properties and dimensions from the open coding 
phase; identifying the conditions, actions and interactions associated with a phe-
nomenon and relating categories to subcategories. 
· Selective Coding - Selective coding is the process of integrating and refining the 
theory. Because categories are merely descriptions of the data they must be further 
developed to form the theory. The first step is to identify the central, or ‘core’ cat-
egory around which the theory will be built. As the core category acts as the hub 
for all other identified categories, it must be central in that all other categories must 
relate to it and it must appear frequently in the data. 
· Memoing - Memoing is ‘the ongoing process of making notes and ideas and ques-
tions that occur to the analyst during the process of data collection and analysis’ 
[23]. Typically, ideas which are recorded during the coding process, memos assist 
in fleshing out the theory as it emerges and are written constantly during a ground-
ed theory study. Memos may take the form of statements, hypotheses or questions. 
In the latter part of the study, following extensive coding and analysis, memos be-
come increasingly theoretical and act as the building blocks for the final report. 
Since the initial launch of grounded theory, the Glaser and Strauss alliance gradually 
separated until each was developing a different version of the methodology. Though 
acknowledging and recognising the spirit of Glaser’s original version of the method-
ology, this study employed the Strauss and Corbin approach [26] as: 
· They believe that the researcher’s personal or professional experience, is support-
ive of theory building and contributes to ‘theoretical sensitivity’, the ability to un-
derstand the data’s important elements and how they contribute to theory. The re-
searchers have operated as software process consultants and professional software 
engineers for a number of years. 
· They favour setting the research question in advance of commencing a grounded 
theory study, as was done in this case. 
· This study aimed to generate hypotheses, testable within the study, an approach 
supported by Strauss and Corbin. 
4. The SPI case study  
Despite the research questions being clearly defined, the theoretical sampling ap-
proach of grounded theory means it is unclear in advance exactly the types of practi-
tioners and companies that need to be interviewed during a study to meet the research 
objectives. Because of this, a preliminary study phase involving 4 interviews, was 
embarked upon to generate more detailed information on how the sampling process 
should progress.  
To support the semi-structured interviewing process, an interview guide, based on 
the researchers’ experience as ‘cultural insiders’ and their prior familiarity with the 
literature, was created for use with the first two interviews. The first interview was 
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taped and then transcribed and printed. The interview was then coded, by hand, in 
accordance with the open coding procedure of grounded theory. Memos were written 
as and when they occurred to the researcher during the coding. The second interview 
was coded in the same way as the first one, with the second being compared to the 
first and coded where possible according to the list of codes generated from the first 
interview. The initial interviews highlighted several drawbacks with the interview 
guide, and these limitations drove the development of a second interview guide which 
was then used on interview 3. Then, and in each successive instance, the interviews 
and the line of questioning concentrated more on the memos and codes from the prior 
interview coding and analysis rather than on the formalised question set.  
The conclusion of interview 4 heralded the end of the preliminary study stage, 
which was primarily used to drive the theoretical sampling process. The stage high-
lighted two issues in particular which would steer the immediately subsequent sam-
pling activity. Firstly, analysis of the software companies’ target market indicated that 
the intended list of companies, in the full study, should incorporate as many sectors as 
possible. Secondly, a specialist qualitative analysis tool, which supported the ground-
ed theory approach, was essential.    
4.1. Software Support for Grounded Theory 
Having investigated the range of tools which are used for data management in qualita-
tive research, Atlas TI [16], a tool designed specifically for use with grounded theory 
was selected. Atlas allows for the linking, searching and sorting of data. It enables the 
researcher to keep track of interview transcripts, manage a list of codes and related 
memos, generate families of related codes and create graphical support for codes, 
concepts and categories. It also supports the axial and selective coding process as 
proposed by Strauss and Corbin [26], which is used in this study. A sample list of 
codes from this stage is contained in Table 1. 
Table 1. Sample codes as assigned using Atlas TI 
Absence of process Automated documentation Background of CEO 
Acceptance test process Automated testing Background of CTO 
Actual Vs ‘official’ process Background drives SPI Beginnings of formality 
4.2. Conducting the Full Study - Stages 1 and 2 
Study Stage 1 involved interviews with an additional 11 companies. Closely follow-
ing the tenets of grounded theory meant that, following the initial open coding, the 
interviews were then re-analysed and coded axially across the higher-level categories 
that had emerged from earlier interviews. Any memos, or propositions, that emerged 
through the coding process were recorded for further analysis and inclusion as ques-
tions in subsequent interviews. A consequence of this was that the interview guide 
was constantly updated. In conjunction with the theoretical sampling process, the 
constant comparative method was also used. This involved comparing interview-to-
interview and searching for any themes or patterns in the data. Though a number of 
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theoretical concepts emerged during the early fieldwork, the researchers decided to 
re-evaluate the study progress following the interview with Company 14. This sug-
gested that the range of companies interviewed should be diversified. This approach is 
in accordance with both Strauss and Corbin [26] and Goulding [13], who advocate 
diversity in the data gathering and ‘staying in the field’ until no new evidence emerg-
es. The researchers believed that to conclude the sampling process at this point would 
constitute premature closure, a mistake often associated with grounded theory [9]. 
To progress the study, the data, memos and propositions created during the con-
stant comparative process were further analysed by the researchers and a number of 
provisional hypotheses formulated (Table 2). These hypotheses had the potential to 
explain how the concepts and categories emerging from the study were linked. Hy-
pothesis testing can also be used within grounded theory to validate the theory that is 
emerging [26]. The analysis of the results from 14 companies and the subsequent 
hypothesis creation, constituted the end of Stage 1. Stage 2 would be used to test these 
hypotheses and ensure the emergent theory was properly grounded. 
Table 2. Study Stage 1 Provisional Hypothesises 
H1 The initial software process used by Irish software product companies is 
based on the prior experience of the software development manager.  
H2 The initial software development process used by Irish software product 
companies is tailored to suit the requirements of the target product market. 
H3 Within Irish software product companies, SPI occurs as a result of positive 
and negative ‘trigger’ events 
H4 The recruitment of external management expertise is used by Irish software 
product companies to solve positive and negative ‘trigger’ events 
H5 The use of minimum process in Irish software product companies does not 
diminish the company’s ability to satisfy its business objectives 
H6 Within Irish software product companies, restrictions are imposed on team 
sizes to achieve minimum process requirements 
H7 The use of XP practices satisfy an Irish software product company’s mini-
mum process requirement better than ISO 9000 or CMM/CMMI 
H8 Development managers in Irish software product companies believe that by 
using XP practices they get more developer buy-in to process, than if using 
ISO 9000 or CMM/CMMI 
H9 Non-ISO 9000/CMM/CMMI-certified Irish software product companies 
generate only minimum documentation 
H10 Within Irish software product companies, adoption of ISO 9000 and 
CMM/CMMI is limited because of their emphasis on what development 
managers perceive as non-essential process elements 
H11 XP is perceived by development managers in Irish software product compa-
nies to be more cost effective than ISO 9000 and CMM/CMMI 
H12 The costs associated with achieving and adhering to ISO 9000 and 
CMM/CMMI prevent their adoption in Irish software product companies 
Stage 2 involved the participation of 7 new companies. Three of the Stage 2 inter-
views involved re-interviewing Stage 1 participants a technique available to grounded 
theory studies and supported by [12]. Building on the need for diversity within the 
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data, the companies in Stage 2 came from different business sectors than those in 
Stage 1. During the Stage 2 fieldwork, the semi-structured interview questions were 
primarily derived from the Stage 1 hypotheses. This meant that less time was spent 
exploring issues which did not directly relate to the hypotheses thus allowing more 
time to ensure the categories and subcategories were fully ‘saturated’. During Stage 2, 
full category saturation was reached after an additional 9 interviews as, in line with 
Goulding’s [13] assertion, similar incidences within the data were now occurring 
repeatedly.  
4.3. The Emergent Categories  
Where axial coding’s role is to identify the categories into which the discovered codes 
and concepts can be placed, selective coding is used to identify a key category or 
theme that can be used as the fulcrum of the study results [26]. In this instance, the 
analysis showed that there was one central category to support and link the two theo-
retical themes. Furthermore, as the relationships were developed and populated, new 
categories emerged that were not explicitly covered by the hypotheses generated in 
Stage 1. 
Table 3. Themes, Core Categories and Main Categories 
Theme Category 
Process Formation1  Background of Software Development Manager 
Background of Founder 
Management Style 
Process Tailoring 
Market Requirements 
Theme Category 
Process Evolution Process Erosion 
Minimum Process 
Business Event 
SPI Trigger 
Employee Buy-in to Process 
Hiring Expertise 
Process Inertia 
Core Category Category 
Cost of Process Bureaucracy 
Documentation 
Communication 
Tacit Knowledge 
Creativity Flexibility 
The final list of themes, the core category and the main categories identified by the 
study are shown in Table 3. Each category and code can be linked to quotations with-
in the interviews and these are used to provide support and rich explanation for the 
                                                            
1 From heron, the themes, categories and core category are denoted in italics 
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results. The ‘saturated’ categories and the various relationships were then combined 
to form the theoretical framework.  
5. Evaluation 
5.1. Verification of the Theory 
The issue of verification of a grounded theory study is one which distinguishes the 
positions of its founders Glaser and Strauss. To Glaser [9], grounded theory merely 
produces hypotheses and nothing more and these need not be verified or validated 
because that is the responsibility of verificational studies which are carried out using a 
different methodology. Strauss and Corbin’s argue that theories are conceived, elabo-
rated on, and checked out, in that order and this is facilitated through the concurrent 
processes of induction, deduction, and verification [26]. As the Strauss and Corbin 
version of grounded theory, was used in this research, the study has been verified 
through a systematic approach of data collection, sampling and analysis which then 
allowed the emerging concepts, memos and propositions to lead the subsequent sam-
pling effort. Then, from the field data, a series of provisional hypotheses were derived 
and these were tested as the study developed.  
On the issue of theory generalisability, differences arise between the two founders 
of grounded theory. Whereas Glaser believes generalisability is related to verifica-
tional studies and not to grounded theory, Strauss and Corbin contend that the use of a 
theory-building methodology is to build theory and, therefore, in grounded theory 
studies, the researcher is talking more about explanatory power than generalisability 
[26]. Context is always relevant to any grounded theory study whereas generalisabil-
ity describes a situation that is essentially context-free. The findings from this re-
search are context-dependent and this is reflected in the categories. Therefore it is not 
proposed that the findings are generalisable beyond the defined study boundaries. 
5.2 Adequacy of the Research Process 
In judging the quality of any research study designed to generate theory, reviewers 
must be provided with information to allow them to assess its adequacy. This infor-
mation relates to how the original sample was selected, how the categories and core 
category emerged and subsequently drove the sampling process and how were any 
hypotheses were treated during the analysis activity. 
Category development continued throughout the research. The hypotheses that 
were formulated during the study were validated according to the procedures de-
scribed above. Whilst all of the hypotheses were ‘tested’ and verified in Stage 2 of the 
study, one hypothesis (H6) – Within Irish software product companies, restrictions 
are imposed on team sizes to achieve minimum process requirements – failed to de-
velop further during that stage. Despite not fully supporting hypothesis H6, the find-
ings in Stage 2 did support the remaining hypotheses and these in turn were incorpo-
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rated into the theoretical categories and attributes. However, a number of categories 
emerged in Stage 2 which were not directly included in the Hypotheses list in Stage 1. 
The field data from the diversity of companies used for Stage 2 helped these catego-
ries to emerge. 
The selection of the core category, Cost of Process, was made during Stage 2 of 
the study, though attributes of it had been apparent in Stage 1. In selecting the core 
category, the researcher closely followed the steps recommended by Strauss and 
Corbin [26], including the fact that all other categories must relate to it and that it 
appears frequently in the data. Whilst many others were contenders as core categories 
in their own right, it was the additional analysis from Stage 2 that created the core 
category. The fact, therefore, that it did not crystallise until Stage 2 provided reassur-
ance to the researchers that the correct category had been identified. 
5.3 Grounding the Findings 
Strauss and Corbin [26] also provide a list of criteria to assist in determining how well 
the findings are grounded. The foundations of any theory are a set of concepts 
grounded in the data. Table 1 shows an example of some of the codes produced from 
the coding processes and includes both terms used by the practitioners, and conceptu-
al codes assigned by the researcher. Through the use of network diagrams we estab-
lished the linkages and relationships between concepts, which categories act as prede-
cessors and successors within the theory, and how the categories link to the core cate-
gory and research themes.  
Strauss and Corbin suggest that variation is important because it signifies that a 
concept has been examined under a range of different conditions and dimensions. 
Though this research is concerned with indigenous Irish software product companies, 
we have endeavoured to incorporate the views of as wide a range of practitioners as 
possible. Furthermore, Stage 2 of the study expanded the range of interview partici-
pants to achieve coverage of a greater range of markets, and thus reduced the pro-
spects of phenomena relating only to specific market domains, or company size. 
5.4. Study findings 
On the primary question of what software processes are software companies using, 
the study has found that all of the companies are Tailoring standard software process-
es to their own particular operating context such as the size of the company, the target 
market, and project and system type.  
One of the key theoretical themes addressed by the research was Process For-
mation. The findings show that this depends on several factors including the Back-
ground of the Software Development Manager, essentially the expertise that manager 
has accumulated over their working and educational lives, the demands of the market 
in which the company operates, the founder’s Management Style, and the organisa-
tional culture.  
The second key theoretical theme of the study is Process Evolution. There, evi-
dence from the study data suggests that managers instigate SPI as a reaction to Trig-
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ger events, essentially business occurrences which the current process does not ade-
quately cater for. The Triggers for process change can be either positive or negative. 
The field data shows that many of the companies feel they don’t have the capability to 
deal with the change from within their own resources and, therefore, hire an individu-
al externally who has the necessary expertise to deal with the Business Event. Howev-
er, companies experience difficulty in institutionalising any SPI gains and subsequent 
retrenchment reflects a clear Erosion from the process in place immediately following 
the SPI initiative. This Erosion eventually resolves to a Minimum Process which is 
‘barely sufficient’ to satisfy the organisation’s business objectives. The periods be-
tween SPI initiatives witness Process Inertia, wherein the existing process is capable 
of satisfying all of the business demands that arise. The SPI cycle only restarts when 
the appropriate Business Event triggers the necessity for change.  
The second primary research question addressed in the study, why are software 
companies not using ‘best practice’ SPI models produced the study’s core category 
Cost of Process. Implementing and maintaining any SPI initiative incurs significant 
cost. Participant companies perceive Documentation as the greatest process-related 
cost-inducing element. There was also a clear link between the amount of Documen-
tation carried out and the size and growth stage of the company; the smaller the com-
pany the greater the hostility towards Documentation. However, even in the larger 
organisations, Documentation was regarded as a ‘necessary evil’. Many companies 
substituted verbal Communication for Documentation, and co-located their develop-
ment teams in an effort to reduce process cost. A benefit of doing this was an increase 
in the sharing of Tacit Knowledge. 
From the commercial SPI perspective, the study was dominated by two particular 
models CMMI and ISO 9001, and the development methodology XP. Respondents 
did not differentiate between processes and methodologies and categorised XP as a 
process. As a result, XP, albeit tailored to various degrees, was by far the most popu-
lar commercial ‘process’ model used by organisations across all size sectors. XP was 
perceived to have the least associated Cost of Process and its low level of Documen-
tation was deemed to be attractive. Where managers were familiar with CMMI or ISO 
9000 they were against introducing it to their new organisations. Overall, respondents 
felt that the resources required to implement the commercial models far exceeded the 
benefits that may accrue.  
6. Discussion 
This section will briefly discuss two issues central to this paper: The suitability of 
Grounded Theory as a research methodology for the SPI researcher and the implica-
tions of the research study findings. 
Software engineering is a highly social activity. In attempting to study human be-
haviour and the social contexts in which it functions, the researcher is directed to-
wards qualitative techniques. In seeking an appropriate methodology to investigate 
the software process aspects of software engineering we have selected grounded theo-
ry as being a suitable candidate and describe the successful implementation of 
grounded theory in a study of SPI. The grounded theory approach is inductive, prag-
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matic and provides a highly concrete methodology [18]. Using grounded theory in the 
software engineering context, the researcher’s task is to generate theory from holistic 
data gathered through naturalistic inquiry, to understand the interaction between soft-
ware engineers and their environment and the impacts, consequences and outcomes of 
these interactions. Researchers can use grounded theory to ‘reality test’ their own 
theories of action and the relationships between action and effects can serve to take 
researchers into the empirical world so that they can discover whether what they think 
to be the nature of the empirical world is really the case. It is our contention that 
grounded theory is both an appropriate and valuable methodology for the software 
engineering researcher, specifically for exploring and understanding the action and 
interaction between practitioners and their environment, in relation to software pro-
cess and SPI. 
The findings presented in this paper are potentially significant to software entre-
preneurs who will need to make decisions about process and process change within 
their organisations as they grow. The theory presented here represents a form of ‘ex-
perience road map’ illustrating some of the potential pitfalls an Irish software product 
company could face and how others have avoided or resolved them. With respect to 
the rejection of CMM/CMMI and ISO 9000 by Irish software product companies, it is 
the associated Bureaucracy which needs to be addressed to help increase acceptance. 
Both models rely heavily on documentary evidence in respect of certification. How-
ever, the study practitioners believe that Documentation is no proof of capability. 
Perhaps therefore, if the models had an increased emphasis on non-documentary evi-
dence, in relation to the development practices followed, they would have greater 
appeal to practitioners. Furthermore, CMM/CMMI is firmly wedded to the belief that 
better processes mean better products. But many of the small Irish software product 
companies are merely concerned about getting a product released to the market as 
quickly as possible. As noted in [1] Quality is not the most important thing in this 
environment, rather time to market and innovation are key. It is development models 
such as those in the agile family, rather than CMM/CMMI, which support these ob-
jectives. Until models are adapted to take account of this reality, they will remain 
largely ignored by a great portion of the software development community. 
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